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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to the field of thin films 
and, more particularly, relates to thin films for use in 
medical applications, specifically in the prevention of ad- 
hesions. The anti-adhesion films of the present inven- 
tion comprise at least one layer of substrate material, 
such as collagen, covalently bonded to a receptive tis- 
sue of a patient. 

BACKGROUND OF THE INVENTION 

[0002] The mechanism of adhesion formation repre- 
sents a variation of the physiological healing process 
wherein vital tissues, usually different tissues, adhere to 
one another in an undesirable fashion. See, for exam- 
ple, Pados et al., 1992, Current Opinion in Obstetrics 
and Gynecology , 4:412-18. 

[0003] For example, increased permeability of blood 
vessels as a result of a peritoneal injury produces a se- 
rosanguinous, proteinaceous exudate that quickly co- 
agulates, forming a fibrinous material that first plugs the 
defective area, and which is further infiltrated by inflam- 
matory cells. If this fibrinous mass is not dispersed by 
fibrinolysis, fibroblasts and blood vessels invade, result- 
ing in organization and formation of adhesions. 
[0004] Pelvic or abdominal adhesions, a frequent oc- 
currence after abdominal surgery and inflammatory 
processes such as infections and endometriosis, repre- 
sent a major cause of female infertility. Such adhesions 
further increase intra-operative complications, consti- 
tute a major cause of small bowel obstructions, and 
have been implicated in the pathogenesis of chronic pel- 
vic pain. 

[0005] Vital tissues, such as blood vessels or organs 
including the kidney, liver, and intestines, are coated 
with mucous membranes or serous membranes so that 
they can function independently of each other. Surgical 
operations or inflammation in those portions of the body 
coated with serous membranes could result in adhesion 
between these and adjacent tissues. 
[0006] In the field of orthopedics, acute or chronic ar- 
thritis such as suppurative, gonorrheal, tuberculous or 
rheumatoid arthritis, ortraumatic injuries at a joint (such 
as fractures or sprains) would result in ankylotic diseas- 
es wherein the surface of the bones constituting the joint 
adhere to each other and thereby restrict the mobility of 
the joint. Congenital radioulnar synostosis, wherein the 
radius and ulna adhere together, is difficult to remedy 
by a surgical operation, as the separated bones would 
frequently re-adhere. 

[0007] When neural spine and spinal cord are re- 
moved dorsally by a surgical operation in a vertebral ca- 
nal cavity in treating myeloma, intervertebral hernia, or 
adhesive spinal meningitis, it is necessary to prevent ad- 
hesion to the body wall. 



[0008] Suturing of ruptured tendons and tendon trans- 
fer would sometimes fail because of the post-operative 
adhesion of the tendon to the scar in the skin. Further- 
more, in the case of rupture of a flexor tendon between 

5 a metacarpophalangeal joint and a proximophalangeal 
joint, the function of the finger would not recover by the 
intermittent suture of musculus flexor digitorum superfi- 
cialis and musculus flexor digitorum profundus, as these 
tendons, if injured simultaneously, would adhere to one 

10 another. Therefore, it is also necessary to prevent ad- 
hesion between the two tendons in this case. 
[0009] In the field of thoracosurgery, bronchi dilated 
by primary diseases, such as pulmonary or suppurative 
diseases, would allow the extension of inflammation 

15 over the surrounding pulmonary parenchyma and the 
formation of a suppurative focus, thereby resulting in ad- 
hesion to the pleura. In addition, lung cancer would re- 
sult in adhesion to the body wall. 
[0010] In the field of abdosurgery, external damages, 

20 such as disjunction or rupture by a severe impact, or 
morbid damages, such as inflammation or tumor in or- 
gans in an abdominal cavity, including liver, kidney, pan- 
creas, spleen, and intestine, would result in adhesion of 
organs to each other or of an organ to the abdominal 

25 wall. Rupture of the diaphragm or peritoneum caused 
by severe external closed damage would result in ad- 
hesion of an organ to the abdominal wall. Further, ileus 
of the small or large intestine, which has the same 
meaning as intestinal obstruction and generally refers 

30 to an acute obstruction, would be mainly caused by ad- 
hesive ileus, wherein the intestinal cavity is closed by a 
crooked orf lexed intestinal tract resulting from adhesion 
in the abdominal cavity, most of which would be formed 
postoperatively. Therefore, it is necessary to prevent ad- 

35 hesion in the abdominal cavity after the operation to pre- 
vent said adhesive ileus. Abdominal abscess could 
sometimes result in adhesion of peritoneum, dia- 
phragm, or pleura to each other. In addition, adhesion 
between adjacent organs, or of an organ to the abdom- 

40 jnal wall, should be prevented in the case of various dis- 
eases or tumors which cannot be removed completely 
in internal organs. 

[0011] In the field of obstetrics and gynecology, en- 
dometritis, excessive artificial abortions, or intra-uterine 

45 curettage would sometimes result in partial or whole ad- 
hesion of the placenta to the uterine wall, making sep- 
aration of the placenta at delivery difficult. Adhesion for- 
mation following infertility surgery, such as microsur- 
gery, reconstructive tubal surgery, laparotomy, and 

50 laparoscope remains a significant cause for failure of 
conception. For example, adhesions which encapsulate 
the ovary or the distal oviduct, or which distort the nor- 
mal relationship that exists between the ovary and the 
oviduct, may interfere with fertility by preventing or im- 

55 peding ovum pick-up. See, for example, Gomel et al., 
1 992, Current Opinion in Obstetrics and Gynecology , 4: 
390-99. Furthermore, cancerous tissues found in breast 
cancer multiply remarkably and may adhere to adjacent 



2 



3 



EP 0 732 110 B1 



4 



skin or a tendon. 

[0012] In the field of brain surgery, adhesive arachnitis 
would be induced by chronic or suppurative intracranial 
inflammation (resulting from an unknown primary 
cause, syphilis, tuberculosis, or the like), intrathecal in- 
jection of medicine in therapy, or myelography. 
[0013] In addition, adhesions resulting from facial pal- 
sy caused by a malignant tumor in the salivary gland 
would sometimes restrict mobility. A cancerous cervical 
lymph node adheres to the surrounding tissues to there- 
by restrict mobility. 

[0014] In the field of ophthalmology, ocularsurgery in- 
volving the musculature, ligaments, glands, and nerve 
tissue may generate post-operative adhesions. 
[0015] Similarly, periodontal surgery may result in 
post-operative adhesions between soft and hard tissues 
of the mouth and throat, such as the palate, gums, teeth, 
and bone (such as the jawbone). 
[0016] As described above, adhesion of vital tissues, 
large or small, may be observed in most of the surgical 
fields. Adhesion formation may occur for various rea- 
sons, including mechanical and chemical stimulation of 
vital tissues accompanying surgical operations, post- 
operative bacterial infection, inflammation, or complica- 
tions. Additional factors, such as foreign body reactions, 
hemorrhages, and endometriosis may influence adhe- 
sion formation. 

[0017] It is thus desirable to prevent the formation of 
adhesions, particularly post-operative adhesions. A 
number of preventative methods have been developed. 
Effective adjuvants for the prevention or reduction of 
post-operative adhesions continue to elude the sur- 
geon, and new substances are being experimented 
with. 

[0016] Initially, drugs or adhesion-inhibiting agents, 
such as steroids, polyvinyl-pyrrolidone (PVP), chondroi- 
tin sulfuric acid, or an aqueous solution of sodium algi- 
nate, were administered, usually at the wound site, to 
minimize adhesion formation. For example, the efficacy 
of hyaluronic acid solution on postoperative adhesion 
formation in rat models has been found to be minimal 
(see Urman et al., 1991 , Fertil. Steril. , 56:568-70). How- 
ever, success was limited, as the effects were neither 
constant nor perfect. Additionally, water-soluble adhe- 
sion-preventing agents may enter normal regions en- 
tirely irrelevant to the operation, thereby possibly caus- 
ing, rather than preventing, adhesion. Additionally, use 
of fibrinolytic agents, anti-coagulants, anti-inflammatory 
agents, and antibiotics has been attempted with limited 
success. 

[0019] Early methods for mechanical separation of 
tissues included the use of materials such as dextran, 
mineral oil, silicone, providine, vaseline, crystalloid so- 
lutions, and carboxymethylcellulose. 
[0020] Physical barriers mechanically separate the 
opposed surfaces and exert their protective action, at 
least partly, because they remain in place beyond a cru- 
cial point (often, about 3 days), at which time competi- 



tion of fibrinolytic activity and fibrosis will determine the 
formation of adhesions. Physical barriers, including 
those of endogenous tissue (such as omental grafts, 
peritoneal grafts, bladder strips, and fetal membranes 

5 such as amniotic membranes), and exogenous material 
(such as oxidized cellulose, oxidized regenerated cellu- 
lose, gelatin, rubber sheets, metal foils, and plastic 
hoods) have long been used, but with little success. 
[0021] Non-resorbable membranes, such as Gore- 

10 tex® (PTFE; polytetrafluoroethylene) sheets or mem- 
branes, Silastic® (a medical grade silicone elastomer 
produced by Dow Corning), and Millipore® filter barri- 
ers, are advantageous in that they remain intact long 
after implantation and thus play the role of barrier per- 

is fectly, but are disadvantageous in that they require two 
surgical interventions: first to apply the membrane (us- 
ing sutures or adhesives), and second to remove the 
membrane 4 to 6 weeks after the initial surgery. 
[0022] Artificial biodegradable (e.g., resorbable) 

20 membranes, such as Gelfoam® {an absorbable colla- 
gen foam or sponge produced by Upjohn), have also 
been used. Terao et al. (European Patent Application 
No. 431479, published 12 June 1991) describe a col la- 
gen-chitin membrane for wound-covering and adhesion 

25 prevention. Although such resorbable materials allevi- 
ate the need for a second surgical intervention, they are 
less than perfect in view of undesirably rapid rates of 
resorption and the often substantial concomitant inflam- 
matory response. 

30 [0023] The anti-adhesion properties of fibrin glue 
(produced by Tlsseel, Canada) were examined and 
found to yield results similar to those observed for su- 
tures (seeTulandi, 1991, Fertil. Steril. , 56:136-38). An 
alternative material, Vicryl® (polygalactin-910), is a 

35 slowly resorbable, biocompatible, tightly woven mesh 
graft which has been used as a dural substitute in neural 
surgery (see Fleisher et al., 1987, J. Dent. Res. 66 
(Spec. Issue Mar.), Vol. 281 , Abstract 1393). Both Inter- 
ceed® and Surgicel® (produced by Johnson & John- 

40 son), fabrics composed of oxidized regenerated cellu- 
lose (the former includes the anticoagulant, heparin), 
have been studied in connection with adhesion forma- 
tion in a rat uterine horn model (see Pagidas et al. , 1 992, 
Fertil. Steril., 57:933-38). Poloxamer 407® (produced 

^5 by Mediventures, Inc.) is representative of a group of 
polymers which exist as liquids at room temperature, but 
which form a solid gel at body temperature. Such mate- 
rials have been shown to have anti-adhesion properties 
in rats (for pelvic wounds) and rabbits (see Steinleitner 

so et al., 1991 , Obstet. Gynecol. , 77:48-52). 

[0024] One key disadvantage of the physical barriers 
currently available involves the method of attachment. 
In order to prevent the formation of adhesions, anti-ad- 
hesive adjuvants must remain in place for a required pe- 

55 nod of time. As the tissues to be separated are often 
somewhat mobile, especially relative to adjacent or 
overlying tissue (for example, abdominal linings, ab- 
dominal organs, tendons, and the like), it is necessary 
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to ensure that the adjuvant remains both intact and in 
place. Methods of attachment, such as suturing (for ex- 
ample, with microsutures) and biocompatible adhesive 
glues have been used, but with limited success. The at- 
tachment of sutures themselves (for example, by stitch- 
ing) causes surgical trauma and additional potential for 
adhesion formation. In addition, sutures and adhesives 
often provide imperfect attachment, and the adjuvant 
tears, rips, or is otherwise freed from the attachment 
points, and is thereby unable to perform an anti-adhe- 
sion function. 

[0025] It is therefore an object of the invention to pro- 
vide compositions and methods for preventing the for- 
mation of adhesions. It is another object of the invention 
to provide new adhesion preventatives which are re- 
sorbable and which therefore do not require surgical in- 
tervention for removal, it is yet another object of the in- 
vention to provide adhesion preventatives, in the form 
of anti-adhesion-films, which reduce or remove the need 
for mechanical means, such as sutures or adhesive 
tape, for attachment or to ensure immobility. It is still an- 
other object of the present invention to provide new anti- 
adhesion films which have, in combination with anti-ad- 
hesion properties, wound-healing and hemostasis-pre- 
ventative functions. 

SUMMARY OF THE INVENTION 

[0026] As is defined in claim 1 , the anti-adhesion com- 
positions of the present invention , useful in the formation 
of anti-adhesion films (devices), comprise a substrate 
material and an anti-adhesion binding agent comprising 
at least one tissue-reactive functional group capable of 
forming covalent bonds with the receptive tissue, and at 
least one substrate-reactive functional group capable of 
forming covalent bonds with the substrate material. In a 
preferred embodiment, the substrate material compris- 
es collagen. In another preferred embodiment, the bind- 
ing agent comprises at least one tissue-selective func- 
tional group and at least one substrate-reactive func- 
tional group. In yet another preferred embodiment, the 
tissue-selective group is a sulfhydry I -selective function- 
al group. In still another preferred embodiment, the bind- 
ing agent comprises a derivative of polyethylene glycol. 
[0027] The anti-adhesion films (devices) of the 
present invention comprise at least one layer of sub- 
strate material comprising at least one layer of substrate 
material; and an anti-adhesion binding agent covalently 
bonded to the substrate material, wherein said anti-ad- 
hesion binding agent further comprises at least one tis- 
sue-reactive functional group capable of forming cova- 
lent bonds with the receptive tissue. 
[0028] More specifically, the anti-adhesion devices of 
the present invention comprise at least one layer of sub- 
strate material covalently bonded to receptive tissue of 
a patient. The device has been formed upon the chem- 
ical reaction of the substrate material and receptive tis- 
sue with the anti-adhesion binding agent. In a preferred 



embodiment,, the binding agent comprises at least one 
tissue-selective functional group and at least one sub- 
strate-reactive functional group, wherein at least a por- 
tion of said tissue-selective groups have chemically re- 

5 acted with said receptive tissue to form covalent linkag- 
es, and at least a portion of said substrate-reactive 
groups have chemically reacted with said substrate ma- 
terial to form covalent linkages. 
[0029] The present invention further is a method for 

10 preventing the formation of an adhesion as defined in 
claim 27 and a kit for anti-adhesion treatment of recep- 
tive tissue as defined in claim 28. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0030] Figure 1 is a flow chart which illustrates the 
preparation and use of an anti-adhesion composition 
comprising collagen and the anti-adhesion binding 
agent sulfo-LC-SPDR 
20 [0031] Figure 2 is a flow chart which illustrates a syn- 
thetic route for the preparation of a PEG-derived anti- 
adhesion binding agent with sulfosuccinimidyl and di- 
sulfide groups. 

[0032] Figure 3 is a flow chart which illustrates the 
25 preparation and use of an anti-adhesion composition 
comprising collagen and the PEG-derived anti-adhe- 
sion binding agent shown in Figure 2. 
[0033] Figure 4 is a flow chart which illustrates the 
preparation and use of an anti-adhesion composition 
30 comprising collagen and the anti-adhesion binding 
agent Su If o-SCAB. 

[0034] Figure 5 is a flow chart which illustrates a syn- 
thetic route for the preparation of a PEG-derived anti- 
adhesion binding agent having haloacetyl and disulfide 
35 groups. 

[0035] Figure 6 is a flow chart which illustrates the 
preparation and use of an anti-adhesion composition 
comprising collagen and the PEG-derived anti-adhe- 
sion binding agent shown in Figure 5. 
40 [0036] Figure 7 is a flow chart which illustrates the 
preparation and use of an anti-adhesion composition 
comprising collagen and the anti-adhesion binding 
agent Sulfo-SMCC, and the analogous compound Sul- 
fo-SMPB. 

45 [0037] Figure 8 is a flow chart which illustrates the 
preparation and use of an anti-adhesion composition 
comprising collagen and the anti-adhesion binding 
agent DNPNVB. 

[0038] Figure 9 is a flow chart which illustrates the 
so preparation and use of an anti-adhesion composition 
comprising collagen and the anti-adhesion binding 
agent ASIB, and the analogous compound APDP. 

DETAILED DESCRIPTION OF THE PREFERRED 
55 EMBODIMENTS OF THE INVENTION 

[0039] Before the anti-adhesion compositions and 
films, and methods for their preparation and use, are de- 
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scribed, it is to be understood that this invention is not 
intended to be limited to the particular compositions, 
films, and methods described in the preferred embodi- 
ments, as one skilled in the art can extend the concepts 
involved using variations which are obvious after read- 
ing the present disclosure. 

[0040] It must be noted that, as used in this specifica- 
tion and the appended claims, the singular forms "a", 
"an", and "the" include plural referrents, unless the con- 
text clearly dictates otherwise. Thus, for example, refer- 
ence to "a heterobifunctional binding agent" includes 
mixtures of binding agents, reference to "a substrate 
material" includes mixtures of substrate materials, and 
reference to "a substrate- reactive functional group" in- 
cludes one or more such groups, which may be the 
same or different. 

[0041] Unless defined otherwise, all technical and sci- 
entific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although any methods 
and materials similar or equivalent to those described 
herein may be useful in the practice or testing of the 
present invention, preferred compositions, films, meth- 
ods and materials are described below. All patents and 
publications mentioned herein are incorporated herein 
by reference to disclose and describe the information 
they are cited in connection with. Specific terminology 
of particular importance to the description of the present 
invention is defined below. 

[0042] The term "substrate material" as used herein 
relates to the primary structural component of the anti- 
adhesion membrane. The substrate material itself may 
or may not be crosslinked, for example, by hydrogen 
bonding, van der Waals bonding, or covalent bonding. 
Furthermore, substrate materials may be chemically 
crosslinked via covalent bonds introduced by, for exam- 
ple, exposure to radiation or reaction with crosslinking 
agents. 

[0043] The term "anti-adhesion binding agents" as 
used herein relates to hetero-bifunctional binding 
agents which have at least one substrate-reactive func- 
tional group and at least one tissue-reactive functional 
group. Preferably, anti-adhesion binding agents have at 
least one substrate-selective functional group and at 
least one tissue-reactive functional group; or, at least 
one substrate-reactive functional group and at least one 
tissue-selective functional group. Still more preferably, 
anti-adhesion binding agents have at least one sub- 
strate-selective functional group and at least one tissue- 
selective functional group. Most preferably, anti-adhe- 
sion binding agents have only substrate-selective and 
tissue-selective functional groups. 
[0044] The term "anti-adhesion composition" or "anti- 
adhesion device" as used herein refers to a composition 
comprising substrate material and at least one anti-ad- 
hesion binding agent. Chemical reaction between said 
substrate material and binding agent (particularly the 
functional groups thereof) to form a covalent linkage be- 



tween the substrate material and the binding agent, may 
be incomplete, partially complete, or fully complete. 
[0045] The term "hetero-bifunctional binding agents" 
as used herein relates to compounds which have two or 

5 more functional groups which are able to react chemi- 
cally with, for example, functional groups of the sub- 
strate material or functional groups present in com- 
pounds f ou nd in receptive tissue to form covalent bonds, 
wherein at least two of said two or more functional 

10 groups are different. 

[0046] The term "substrate-reactive functional 
groups" as used herein relates to functional groups 
which are able to react chemically with functional groups 
of the substrate material to form covalent bonds. The 

15 term "substrate non-reactive functional groups" as used 
herein relates to functional groups which are essentially 
unable to react chemically with functional groups of the 
substrate material to form covalent bonds. The term 
"substrate-selective functional groups" as used herein 

20 relates to functional groups which are essentially unable 
to react chemically with functional groups of compounds 
present in receptive tissue of a patient. 
[0047] The term "functional groups which are able to 
react chemically" as used herein includes functional 

25 groups which can be activated or derivatized so as to 
be able to react chemically with, for example, functional 
groups of the substrate material or functional groups 
present in compounds found in receptive tissue, to form 
covalent bonds. The term "react chemically" is generic 

30 to reactions which proceed upon mixing (and, optionally, 
by adjusting conditions such as pH, temperature, salt 
concentration, and the like), and those which proceed 
upon irradiation {e.g., so-called photoactivated reac- 
tions). 

35 [0048] The term "essentially unable to react chemical- 
ly" as used herein describes functional groups for which 
reaction with other specified functional groups (for ex- 
ample, those of the substrate material or of compounds 
found in receptive tissue) is strongly disfavored owing 

40 to, for example, kinetic or thermodynamic criteria, and 
does not exclude those functional groups for which re- 
action is actually or theoretically possible, but for which 
such reaction is strongly disfavored under the chemical 
or physical conditions applied. 

45 [0049] The term "strongly disfavored" as used herein 
to describe chemical reactions relates to reaction selec- 
tivity. Reactions which are strongly disfavored proceed 
to completion much less frequently (yielding undesired 
products or chemical linkages) than those which are 

50 strongly favored (yielding desired products or chemical 
linkages). Preferably, products of strongly favored reac- 
tions outnumber products of strongly disfavored reac- 
tions by 3:1 , more preferably 4:1 , still more preferably 
5:1 , yet more preferably 10:1 , most preferably more than 

55 10:1. 

[0050] Theterm "tissue-reactive functional groups" as 
used herein relates to functional groups which are able 
to react chemically with functional groups of compounds 
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present in receptive tissue of a patient. The term "tissue 
non-reactive functional groups" as used herein relates 
to functional groups which are essentially unable to re- 
act chemically with functional groups of compounds 
present in receptive tissue of a patient. The term "tissue- 
selective functional groups" as used herein relates to 
tissue-reactive functional groups which are also sub- 
strate non-reactive functional groups; that is, functional 
groups which are essentially unable to react chemically 
with functional groups of the substrate material. 
[0051] The term "receptive tissue" as used herein re- 
lates generally to tissues of the patient to which the anti- 
adhesion composition or membrane is applied and to 
which the anti-adhesion film will ultimately be chemically 
bound. Examples of receptive tissues include, but are 
not limited to, bones (such as those of fingers and 
hands, toes and feet, head and jaw, elbow, wrist, shoul- 
der, sternum, knee, hip, pelvis, and spinal column), sur- 
face covering and musculature (such as skin, muscle, 
tendon, and ligament), vasculature (such as arteries 
and veins), sense organs (such as the eyes, nose, ears, 
tongue, and glands), upper chest organs (such as the 
larynx, lungs, heart, pleura, thyroid gland, thymus gland, 
peritoneum, and omenta), digestive organs (such as the 
trachea, stomach, duodenum, small intestine, large in- 
testine, appendix, and colon), abdominal organs (such 
as the liver, kidney, pancreas, spleen, and bladder), and 
reproductive organs (such as the uterus, ovaries, fallo- 
pian tubes, and mammary glands). 
[0052] The term "patient" as used herein relates to the 
animal or human to which the anti-adhesion composi- 
tion is administered. Preferably, the patient is a mam- 
mal. More preferably, the patient is a human. 
[0053] Examples of substrate materials include colla- 
gen, fibrin, glycosaminoglycans (for example, dermatan 

. sulfate, hyaluronic acid, hyaluronate, chondroitin sul- 
fates A, B, and C, chitin, and derivatives such as chi- 
tosan, heparin, heparin sulfate, keratin sulfate, and 
keratosulfate) and derivatives and mixtures thereof. 
Preferably, the substrate material comprises collagen, 
more preferably the substrate material comprises at 
least about 30% collagen by weight, still more preferably 
at least about 60% collagen by weight, yet more prefer- 
ably at least about 90% collagen by weight. The sub- 
strate material may consist essentially of collagen with 
no other substrate-type materials present. 
[0054] The term "collagen" as used herein is used in 
the conventional sense to describe a material which is 
the major protein component of the extracellular matrix 
of bone, cartilage, skin, and connective tissue in ani- 
mals, and includes all forms of collagen, including native 
collagens which have been processed or otherwise 
modified and collagens that have been produced by ge- 
netic engineering (i.e., recombinant collagen). 
[0055] Collagen in its native form is typically a rigid, 
rod-shaped molecule approximately 300 nm long and 
1.5 nm in diameter. It is composed of three collagen 

, polypeptides which form a tight triple helix. The collagen 



polypeptides are characterized by a long mid-section 
having the repeating sequence -Gly-X-Y-, where X and 
Y are often proline or hydroxyproline, bounded at each 
end by the "telopeptide" regions, which constitute less 
s than about 5% of the molecule. The telopeptide regions 
of the collagen chains are typically responsible for the 
Crosslin king between chains and forthe immunogenicity 
of the protein. Collagen occurs in several "types" having 
differing physical properties. The most abundant types 
10 are Types Mil. Collagen is typically isolated from natural 
sources, such as bovine hide, cartilage, or bones. 
Bones are usually dried, defatted, crushed, and dem- 
ineralized to extract collagen, while hide and cartilage 
are usually minced and digested with proteolytic en- 
's zymes (other than collagenase). As collagen is resistant 
to most proteolytic enzymes, this procedure convenient- 
ly serves to remove most of the contaminating protein 
found with collagen. 

[0056] Collagens suitable for use in the present inven- 

20 tion include all types of collagen, preferably types I, III, 
and IV. Collagens may be soluble (for example, com- 
mercially available Vitrogen® 1 00 collagen-in-solution), 
and may have or omit the telopeptide regions. Prefera- 
bly, the collagen will be reconstituted fibrillar atelopep- 

25 tide collagen, for example, Zyderm® I Collagen Implant 
(ZCI), Zyderm II Collagen Implant, Zyplast® Collagen 
Implant, or atelopeptide collagen-in-solution (CIS; avail- 
able from Celtrix Pharmaceuticals, Santa Clara, CA, un- 
der the trademark Vitrogen 100 collagen-in-solution). 

30 Various forms of collagen are available commercially, or 
may be prepared by the processes described in, for ex- 
ample, U.S. Patent Nos. 3,949,073; 4,424,208; 
4,488,911; 4,557,764; 4,582,640; 4,642,117; 
4,689,399; 4,725,671; 5,024,841; 5,110,604; 

35 5,162,430; 5,324,775; and 5,328,955, all of which are 
incorporated herein by reference. 
[0057] The choice of substrate-reactive, substrate 
non-reactive, substrate-selective, tissue-reactive, tis- 
sue non-reactive, and tissue-selective functional groups 

40 will depend on the substrate material used and the re- 
ceptive tissue in need of treatment. 
[0058] For example, collagen lacks the amino acid 
cysteine, whereas cysteine is a common amino acid 
found in most animal tissues. By selecting a hetero-bi- 

45 functional binding agent which has at least onecysteine- 
selective functional group and at least one substrate- 
reactive (in this case, collagen -reactive) functional 
group, an anti-adhesion binding agent may be formulat- 
ed which will react preferentially to covalently bind the 

50 substrate (in this case, collagen) to the receptive tissue 
(in this case, the cysteine groups found in the receptive 
tissue). 

[0059] Of course, if the collagen -reactive functional 
group is also a tissue- reactive group, it may (depending 
55 on the reaction kinetics) be necessary to permit the anti- 
adhesion binding agent to react with the collagen sub- 
strate material (either partially or completely) prior to 
permitting reaction with the receptive tissue. Altemative- 
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ly; if an anti-adhesion binding agent having both sub- 
strate-selective and tissue-selective functional groups, 
such sequential reaction steps may not be necessary. 
[0060] It is preferred that functional groups intended 
to be reactive with receptive tissue, to covalently bond 5 
to the tissue to form the anti-adhesion device, are not 
substantially water-sensitive. That is, such preferred 
functional groups do not tend to react chemically with 
adventitious water, such as that found in or around the 
receptive tissue, thereby becoming unavailable to react 
with the receptive tissue to form the covalently bonded 
anti-adhesion device. For groups which are partially wa- 
ter-sensitive, additional factors, such as the number or 
proportion of such reactive functional groups, or their 
environment (as affected, for example, by a pH or salt 
buffer solution) may be controlled to reduce the relative 
reaction with adventitious water. 
[0061] A wide variety of protein-reactive functional 
groups are known to those of skill in the art. Most of such 
protein-reactive functional groups are collagen-reactive 
and tissue- reactive functional groups. In particular, most 
functional groups which are generally reactive towards 
amino groups (-NH 2 ) (e.g., "amino-reactive groups") are 
also collagen -reactive and tissue-reactive. 
[0062] Examples of preferred amino-reactive groups 
(which are also collagen-reactive and generally tissue- 
reactive functional groups) include: 

active ester groups (-C(=0)OR*. wherein R* is an 
activating group, such as succinimidyl, 2,4-dinitro- 
phenyl, or 1 -hydroxybenzotriazol-2-yl) which react 
with amino groups to yield amide linkages (-NH-C 

(=0)-); 

haloacetyl groups (-C(=0)CH 2 X, where X is CI, Br, 
or I) which react with amino groups to yield amine 
linkages (-NH-); 

azide groups (-N=N+=N-) which react with many 
types of bonds such as C-H or C=C to form second- 
ary amine linkages (-NH-) and liberate nitrogen 
(N 2 ); 

haloformate groups (-OC(=0)X, where X is CI, Br, 
or I) which react with amino groups to yield car- 
bamate linkages (-NH-C(=0)0-); 
sulfonyl halide groups (-S0 2 X, wherein X is CI, Br, 
or I) which react with amino groups to yield sulfon- 
amide linkages (-S(=0) 2 -NH-); 
isocyanate groups (-NCO) which react with amino 
groups to yield urea linkages (-NH-(C=0)-NH-); 
isothiocyanate groups (-NCS) which react with ami- 
no groups to yield thiourea linkages (-NH-(C=S)- 
NH-); 

acid anhydride groups (-C(=0)OC(=0)R, wherein 
R is an organic group such as afkyl) which react with 
amino groups to yield amide linkages (-NH-C(=0)-); 
acid halide groups (-C(=0)X, where X is CI, Br, or 
I) to yield amide linkages (-NH-C(=0)-); and 
imidate ester groups (-C(=NR)OR, wherein R is an 
organic group such as alkyl) which react with amino 



groups to yield imidate linkages (-NH-C(=NR)-). 

[0063] Examples of more preferred amino-reactive 
groups include active ester groups, haloacetyl groups, 
and azide groups. Still more preferred examples include 
active ester groups, and in particular, the succinimidyl 
ester group. 

[0064] Examples of collagen non-reactive (and there- 
fore tissue-selective ) functional groups include function- 
al groups which are reactive towards sulfhydryl groups 
(-SH) or disulfide groups (-SS-), but are essentially un- 
reactive towards amino groups (-NH 2 ), herein referred 
to as "sulfhydryl-selective functional groups". A number 
of such groups are discussed below. 

(i) Disulfide groups (-S-S-R), wherein R is a group 
such as 2-pyridinyl. Such groups may easily be pre- 
pared by one of skill in the art; one useful method 
involves derivatization of a sulfhydryl group (-SH) 
with 2,2'-dipyridyl disulfide. Disulfide groups (-S-S- 
R) react with the sulfhydryl groups (-SH) of com- 
pounds found in receptive tissue (e.g., tissue-SH) 
to form a disulfide linkage (e.g., -S-S-tissue), while 
such disulfide groups are essentially unreactive to- 
wards amino groups (-NH 2 ) such as those found in 
collagen. Examples of preferred disulfide groups in- 
clude 2-pyridinyl-disulfide group and the 3-(carbox- 
ylic acid)-4-nitro-phenyl-disuffide group. 

(ii) Haloacetyl groups (-C(=0)CH 2 X), wherein X is 
a chloro, bromo, or iodo group, and most preferably 
chloro. Such groups may easily be prepared by one 
of skill in the art; several useful methods include re- 
action of an alpha-hydroxyl carbonyl (-C(=0)- 
CH 2 OH) with a haloacid (e.g., HCI, HBr, HI), a ha- 
lophosphine (e.g., PCI 5 , PBr 3 , Pl 3 ), or with SOCI 2 . 
Haloacetyl groups are reactive both with sulfhydryl 
groups (-SH) and amino groups (-NH 2 ). However, 
the chloroacetyl group (X = CI) is much more reac- 
tive towards sulfhydryl groups (e.g., such as those 
found in receptive tissue) than towards amino 
groups. Thus, the chloroacetyl group is effectively 
collagen-non-reactive or tissue-selective, and re- 
acts with sulfhydryl groups (-SH) of compounds 
found in receptive tissue to yield sulfide linkage (a 
g. t -C(=0)CH 2 -S-tissue). 

(iii) Methyl ester groups (-C(=0)OCH 3 ); halomethyl 
ester groups (-C(=0)OCH 2 X), wherein X is a chloro, 
bromo, or iodo group, preferably a chloro group; 
and dihalomethyl ester groups (-C(=0)OCHX 2 ), 
wherein each X is independently a chloro, bromo, 
or iodo group, preferably both X's are chloro groups. 
Such groups may easily be prepared by one of skill 
in the art; one useful method involves derivatization 
of an acid halide with the appropriate halomethanoL 
Although methyl ester, halomethyl ester, and di- 
halomethyl ester groups react with sulfhydryl (-SH) 
groups as well as amino (-NH 2 ) groups and water 
(H 2 Q), these groups react much more rapidly with 
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sulfhydryl groups (-SH), such as those of com- 
pounds found in receptive tissues (e.g., tissue-SH) 
to form a thioamide linkage (e.g., -C(=0)-S-tissue). 
Preferred esters are the halomethyl esters, more 
preferably chloromethyl esters. 

(iv) p-Nitrovinyl groups (-CH=CHN0 2 ). Such 
. groups may easily be prepared by one of skill in the 

art; one useful method involves derivatization of an 
alcohol with an appropriate halogenated nitrovinyl 
compound (for example, l-CH 2 -CH=CHN0 2 ). Al- 
though p-Nitrovinyl groups react with both sulfhydr- 
yl groups (-SH) and amino groups (-NH 2 ), they are 
more reactive towards sulfhydryl groups (-SH), 
such as those of compounds found in receptive tis- 
sue (e.g., tissue-SH) to form a sulfide linkage (e.g., 
-CH(-S-tissue)CH 2 N0 2 ). 

In addition, functional groups may be chosen 
which are both substrate-reactive and tissue-reac- 
tive, but for which, under specified conditions, reac- 
tion with functional groups of the substrate pro- 
ceeds much more slowly than reaction with func- 
tional groups of compounds found in the receptive 
tissue. Under such conditions, these functional 
groups may be considered collagen non-reactive 
and, therefore, tissue-selective. Several examples 
of such groups are discussed below. 

(v) N-hydroxy succinimidyl esters (-C(=0)0-N[-C 
(=0)CH 2 CH 2 C(=0)-1) react more quickly with sulf- 
hydryl groups (-SH), yielding a thioester linkage (- 
S-C(=0)-), than with amine groups (-NH 2 ), yielding 
an amide linkage (-NH-C(=0)-) when the pH is ap- 
proximately neutral. Such N-hydroxy succinimidyl 
ester groups may easily be prepared by one of skill 
in the art; one useful method involves derivatization 
of a carboxylic acid with NHS (N-hydroxysuccinim- 
ide) and EDC (1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide hydrochloride; 
(CH 3 ) 2 NCH 2 CH 2 CH 2 N=C=NCH 2 CH 3 ). 

(vi) Maleimidyl groups (-N[-C(=0)-CH=CH-C(=0)-]) 
react much more quickly with sulfhydryl groups (- 
SH), yielding a sulfide linkage (-S-), than with amine 
groups (-NH 2 ), yielding a secondary amine linkage 
(-NH-) when the pH is approximately neutral. Such 
maleimidyl groups may easily be prepared by one 
of skill in the art; one useful method involves deri- 
vatization of an amino group with maleic anhydride. 

[0065] One preferred class of anti-adhesion binding 
agents which are particularly useful in combination with 
substrate materials comprising collagen have at least 
one collagen non-reactive group. Thus, one class of pre- 
ferred anti-adhesion binding agents have at least one 
functional group which is: 

(i) a disulfide group; 

(ii) a haloacetyl group; 

(iii) a halomethyl ester group; 

(iv) a p-Nitrovinyl group; 



(v) an N-hydroxy succinimidyl ester group; or 

(vi) a maleimidyl group. 

More preferred anti-adhesion binding agents have at 
5 least one functional group which is: 

(i) a disulfide group; 

(ii) a haloacetyl group; 

(iii) a halomethyl ester group; or 
10 (iv) a p-Nitrovinyl group; 

Preferred anti-adhesion binding agents have at least 
one functional group which is a disulfide group, such as 
a 2-pyridinyl-disulfide group or a 3-(carboxylic acid)- 

15 4-nitro-phenyl-disulfide group. 

[0066] A number ofcompounds suitable for use as an- 
ti-adhesion binding agents are commercially available; 
several of these are identified in the examples below. 
These include Sulfo-LC-SPDP, Suffo-LC-SMPT, SPDP, 

20 Sulfo-SIAB, Sulfo-SMCC, DNPNVB, ASIB, and APDP. 
[0067] In addition, other suitable anti-adhesion bind- 
ing agents may be synthesized using known methods. 
A preferred class of anti-adhesion binding agents are 
those derived from polymeric compounds such as pol- 

25 yethylene glycol ("PEG"; HO(CH 2 CH 2 0) n H) wherein n 
is between 10 and about 500 (molecular weight about 
400 to about 22,000), more preferably between about 
20 and about 200 (molecular weight about 900 to about 
9,000). The terminal hydroxy! (-OH) groups of PEG may 

30 be derivatized to yield hetero-bifunctional binding 
agents suitable for use as anti-adhesion binding agents. 
A number of such derivatives are presented in the Ex- 
amples below. For example, one hydroxy terminus may 
be derivatized to yield a succinimidyl active ester, and 

35 the other hydroxy terminus may be derivatized to yield 
a 2-pyridinyl-disulfide. Such PEG-derived binding 
agents are preferred in view of the favorable chemical 
and physical properties, such as low toxicity, low immu- 
nogenicity, biocompatible breakdown products, and the 

40 like, which have been shown in the art. See, for exam- 
ple, U.S. Patent No. 5,162,430 to Rhee et al. 
[0068] The anti-adhesion compositions and films of 
the present invention may further comprise optional ac- 
tive agents for improved efficacy. Such active agents in- 

^5 elude anti-fibrotics (for example, fibrinolysin, papain, 
streptokinase, tissue plasminogen activator, urokinase, 
hyaluronidase, chymotrypsin, trypsin, and pepsin), anti- 
coagulants (for example, heparin, citrates, and 
oxalates), anti-inflammatory agents (for example, corti- 

50 costeroid, ibuprofren, antihistamines), antibiotics (for 
example, tetracyclines and cephalosporins), growth fac- 
tors (for example, IGF-I, TGF-II, EGF, FGF, TGF-ot, and 
TGF-p), and hormones and growth-regulating agents 
(for example, insulin, somatotropin, and interferon). 

55 These active agents may simply be mixed with other 
components of the anti-adhesion compositions orfilms, 
or may be covalently bonded to other components 
therein, such as, for example, the substrate material, us- 
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ing methods known in the art. The relative quantity of 
active agents (e.g., the dosage) will depend upon fac- 
tors such as the patient's age, weight, and health, the 
indication, and the desired effect. 

[0069] The anti-adhesion compositions and films of 5 
the present invention may also furthercomprise optional 
inactive agents which may be included for reasons of 
improved physical properties (such as strength, flexibil- 
ity, ease of handling, and the like). Such inactive agents 
include, for example, glycerol, heavy molecular weight 
poly-ox (Union Carbide, molecular weight approximate- 
ly 5 x 10 3 to 7 x 10 6 ), and carbohydrates. 
[0070] Films useful in the device of the present inven- 
tion for the prevention of the formation of adhesions 
must possess a number of characteristics. The anti-ad- 
hesion films of the present invention, and the compo- 
nents thereof, are best chosen to be biocompatible. The 
term "biocompatible" as used herein relates to compo- 
nents which, when administered in a desired manner, 
do not induce significant adverse effects, such as sub- 
stantial immunological, inflammatory, or necrotic re- 
sponse. 

[0071] The anti-adhesion films of the present inven- 
tion have a film thickness large enough and pore size 
small enough to permit the film to act as a physical bar- 
rier, specifically, to prevent or impede the free flow of 
tissue fluids and their components across the film. If ap- 
propriate, the pore size of a membrane component of 
the anti-adhesion film may be particularly chosen to op- 
timize the film's action as a physical barrier. 
[0072] The anti-adhesion films of the present inven- 
tion are strong and flexible, particularly in the directions 
of the plane of the film, so as to permit reasonably un- 
restricted movement (including, for example, contrac- 
tion of vasculature and musculature, movement over 
and against adjacent tissues) without tearing, ripping, 
or otherwise compromising the film's integrity as a phys- 
ical barrier. Properties such as film strength, flexibility, 
and texture may be varied by controlling the properties 
of the substrate material. For example, for membranes 
formed from fibrous materials such as collagen, the fiber 
size and shape and the degree of crosslinking is known 
to influence the strength, flexibility, and texture of mem- 
branes formed therefrom; these parameters may be ad- 
justed by one of skill in the art to optimize the film's phys- 
ical properties. 

[0073] As opposed to the non-resorbable membranes 
known in the prior art, the anti-adhesion membranes of 
the present invention are slowly bioresorbable. The re- 
sorptivity of an anti-adhesion film is reflected in its bio- 
absorption period. 

[0074] The term "bioabsorption period" as used here- 
in relates to the period of time after which substantial 
bioabsorption of the substrate material has occurred, 
and the remnants of the anti-adhesion film no longer ef- 
fectively function as a physical barrier. At some time af- 
ter the bioabsorption period, the original components of 
the anti-adhesion film are completely or nearly com- 



pletely resorbed, leaving little or no residue. Exemplary 
bioabsorption periods will depend on the indication and 
application site, and may vary between 1 0 and 90 days, 
more preferably between 20 and 60 days, still more pref- 
erably between 30 and 50 days. 
[0075] The anti-adhesion devices of the present in- 
vention may be prepared using a variety of methods. 
For example, an anti-adhesion composition comprising 
substrate material and anti-adhesion binding agent may 
be applied to the receptive tissue. Chemical reaction be- 
tween the substrate material and the anti-adhesion 
binding agent may be incomplete, partially complete, or 
fully complete prior to applying the anti-adhesion com- 
position to the receptive tissue. A low viscosity liquid- 
form anti-adhesion composition may be applied, for ex- 
ample, by painting, spraying, or injecting. A high viscos- 
ity gel-form anti-adhesion composition may be applied 
by pouring, smearing, or injecting. The anti-adhesion 
composition may then be permitted to "cure" for a time 
to form the anti-adhesion film and, simultaneously, the 
anti-adhesion device. 

[0076] The term "curing" as used herein refers to both 
the formation of a coherent film from the anti-adhesion 
composition and to the reaction of functional groups of 
the anti-adhesion composition with functional groups of 
compounds found in the receptive tissue, thereby form- 
ing the anti-adhesion device. Curing may be initiated, 
augmented, or terminated by controlling physical and 
chemical conditions, such as, for example, pH, temper- 
ature, availability of adventitious water, as well as by ex- 
posure to radiation, for example, to activate or deacti- 
vate (e.g., quench) functional groups. The "curing" time 
may vary according to the particular anti-adhesion com- 
position used and the required or desired degree of cov- 
alent bonding between the anti-adhesion composition 
and the receptive tissue, and may be limited by the con- 
straints of the surgery. 

[0077] The term "apply" as used herein is generic to 
methods of applying, attaching, implanting, injecting, 
and the like, and combinations thereof. Methods of ap- 
plying include, for example, pouring, painting, smearing, 
injecting, and spraying. If the anti-adhesion composition 
is in liquid form, preferred methods include painting, in- 
jecting, and spraying. If the anti-adhesion composition 
is in gel form, preferred methods include pouring, 
smearing, and injecting. If the anti-adhesion composi- 
tion is semi-solid or solid (such as a membrane), pre- 
ferred methods of application include draping and taping 
(for example, with biomedical adhesive tape using fibrin 
glue); suturing (for example, with microsutures) can be 
used, but preferred methods do not involve suturing and 
most preferred methods further do not involve taping. 
[0078] Alternatively, anti-adhesion devices may be 
prepared by pre-coating one side of a pre-formed sub- 
strate material membrane with a composition compris- 
ing an anti-adhesion binding agent, and subsequently 
applying the pre-coated membrane to the receptive tis- 
sue. The pre-coated membrane may be applied imme- 
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diately after pre-coating, or the anti-adhesion binding 
agent may be permitted to react (either partially or com- 
pletely) with the substrate material of the membrane pri- 
or to application to the receptive tissue. 
[0079] By yet another method, anti-adhesion devices 5 
may be prepared by pre-coating the receptive tissue 
with a composition comprising an anti-adhesion binding 
agent (for example, by painting or spraying), and sub- 
sequently applying a p re-formed substrate material 
membrane to the pre-coated receptive tissue. Again, the 
membrane may be applied immediately after pre-coat- 
ing the receptive tissue, or the anti-adhesion binding 
agent may be permitted to react (either partially or com- 
pletely) with the receptive tissue prior to application of 
the membrane. 

[0080] By still another method, anti-adhesion devices 
may be formed by pre-coating the receptive tissue with 
a composition comprising an anti-adhesion binding 
agent (for example, by painting or spraying), and sub- 
sequently applying a gel-form composition comprising 
substrate material membrane to the pre-coated recep- 
tive tissue. Similarly, anti-adhesion films may be formed 
by pre-coating the receptive tissue with a composition 
comprising an anti-adhesion binding agent (for exam- 
ple, by painting or spraying), and subsequently applying 
a liquid-form composition comprising substrate material 
membrane to the pre-coated receptive tissue (also by, 
for example, painting or spraying). Again, the anti-adhe- 
sion binding agent may be permitted to react (either par- 
tially or completely) before applying the substrate ma- 
terial. 

[0081] By yet another method, anti-adhesion devices 
may be formed using an anti-adhesion composition 
wherein the functional groups intended to react with, 
and thereby covalently bond to, the receptive tissue, are 
photoactivated. A low-viscosity anti-adhesion composi- 
tion may be applied, for example, by painting or spray- 
ing. A portion of the patient, and particularly, that portion 
in need of treatment, may then be appropriately irradi- 
ated to activate the anti-adhesion composition and 
thereby permit curing. Indeed, for those anti-adhesion 
compositions comprising substrate materials which may 
be crosslinked by irradiation, such as collagen, this 
method of inducing curing may also serve to improve 
the mechanical properties of the anti-adhesion film. 
[0082] The substrate material may itself be chemically 
modified. For example, many substrate materials may 
be chemically crosslinked to provide desired physical 
properties, for example, shape, strength, elasticity, bio- 
logical stability, and the like. In particular, for substrate 
materials comprising collagen, collagen molecules may 
be crosslinked to each other or to other substrate mol- 
ecules. Such crosslin king may be achieved by reaction 
with crosslin king agents or exposure to radiation. Exam- 
ples of crosslinking agents include aldehydes such as 
glutaraldehyde and formaldehyde, divinyl sulfone, 
epoxides, carbodiimides, and imidazoles. Additional 
cross-linking agents include polymeric crosslinking 



agents such as multifunctionally activated polyethylene 
glycols, for example, disuccinimidyl poly(ethylene gly- 
col) glutarate, as described in U.S. Patent Nos. 
5,162,430; 5,324,775; 5,328,955; 5,292,802; and 
5,308,889. See also U.S. Patent No. 4,179,337 issued 
to Davis for additional linking groups. 
[0083] As an alternative to, or in addition to, chemical 
modification, the substrate material may be physically 
modified, yielding, for example, low viscosity liquids, 
gels, pastes, sponges (for example, by lyophilization), 
or membranes (for example, by crosslinking). 
[0084] The anti-adhesion compositions and devices 
of the present invention may be used in a wide variety 
of indications for the prevention of the formation of un- 
desired adhesions (in particular, surgical adhesions) be- 
tween tissues. The terms "prevent" and "prevention" as 
used herein in the context of adhesions are intended to 
include the complete prevention of the formation of any 
detectable adhesion, as well as the reduction in the ad- 
hesion formed, as measured by, for example, the quan- 
tity or severity of the adhesion. Similarly, the terms 
"treat" and "treatment" as used herein refer particularly 
to the prevention of the formation of adhesions. 
[0085] The anti-adhesion devices of the present in- 
vention may be applied using a variety of methods for a 
variety of indications. For example, in thoracic surgery, 
a low-viscosity anti-adhesion composition may be 
sprayed onto the surfaces to be treated, for example, 
onto the surfaces of organs which are near to or in con- 
tact with tissue which has been traumatized by surgery. 
In this manner, the various surfaces of the peritoneal lin- 
ing may be sprayed, the anti-adhesion film permitted to 
"cure", and the surgery continued or completed. In this 
way, the anti-adhesion film prevents the formation of an 
adhesion between the peritoneal lining and adjacent tis- 
sues. 

[0086] In another example, in abdominal surgery, a 
collagenous membrane may be painted with an appro- 
priate anti-adhesion binding agent, permitted to react for 
a specified period of time, and subsequently wrapped 
around or draped over a portion of the small intestine 
which has been traumatized by surgery. In this way, the 
anti-adhesion film prevents the formation of an adhesion 
between the surgery site and adjacent and overlying 
portions of the small intestine or other organs. 
[0087] In yet another example, ligament or tendon tis- 
sue may similarly be wrapped with a substrate material 
membrane which has been previously painted with an 
appropriate anti-adhesion binding agent, thereby pre- 
venting the formation of an adhesion between the ten- 
don or ligament and the overlying skin or surface tis- 
sues. 

[0088] In still another example, a gel-form anti-adhe- 
sion composition may be smeared or injected between 
the small bones, such as those of the fingers or toes, for 
example, during reconstructive surgery, thereby pre- 
venting restricted mobility resulting from the formation 
of an adhesion between the distinct bones. 
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[0089] In some instances it may be necessary to mod- 
ify the receptive tissue to which the substrate material 
is to be attached, to render the receptive tissue more 
reactive or to create reactive sites on the tissue. For ex- 
ample, when it is desired to have -SH groups present 
on the tissue surface and the available functional groups 
on such tissue surface are disulfide groups, it is possible 
to reduce these disulfide (-S-S-) groups to sulfhydryl (- 
SH) groups using a reducing agent. Examples of such 
reducing agents include dithiothreitol (Cleland's rea- 
gent) and 2-mercaptoethanol, which is a very mild re- 
ducing agent. Such reducing agents can be applied di- 
rectly to the tissue to be converted to reactive tissue pri- 
or to application of the anti-adhesion composition of the 
present invention. 

[0090] An alternative method of rendering receptive 
tissue more reactive is to convert primary amino groups 
on the surface of such receptive tissue to sulfhydryl (- 
SH) groups. For example, Traufs Reagent (2-iminothi- 
olane HCI) is known to be a protein modification reagent 
capable of reacting with primary amines to introduce 
sulfhydryl groups. 

[0091] The reducing agents and Traut's Reagent de- 
scribed above can be applied to the receptive tissue in 
the same manner as described for the liquid form of the 
anti-adhesion composition of the present invention. In 
addition, when it is possible to render the receptive tis- 
sue more reactive using a gaseous reagent (a combi- 
nation of compressed gas with one of the reagents de- 
scribed above), this is particularly advantageous, as the 
surgeon can "blow" the tissue surface clear of potentially 
interfering fluid materials, while simultaneously making 
the tissue more reactive. 

EXAMPLES 

[0092] The following examples are put forth so as to 
provide those of ordinary skill \n the art with an enabling 
disclosure and description of how to make the anti-ad- 
hesion compositions and devices of the present inven- 
tion, and are not intended to limit the scope of what the 
inventors regard as their invention. The present inven- 
tion is shown and described herein at what are consid- 
ered to be the most practical and preferred embodi- 
ments. It is recognized, however, that departures may 
be made therefrom which are within the scope of the 
invention, and that obvious modifications will occur to 
one skilled in the art upon reading this disclosure. 

Example 1 

Use of an Anti-Adhesion Binding Agent With "Disulfide" 
and "Succinimidyl" Groups: Sulfo-LC-SPDP 

[0093] A flow chart which illustrates the preparation 
and use of an anti-adhesion binding composition com- 
prising the titled anti-adhesion binding agent is shown 
in Figure 1. Sulfo-LC-SPDP (sulfosuccinimidyl-6-[3- 



(2-pyridyldithio) propionamido]hexanoate, sodium salt, 
Compound 1) is first reacted with collagen. The sulfo- 
succinimidyl group of the Sulfo-LC-SPDP, acting as a 
collagen-reactive functional group, reacts with free ami- 

s no groups (-NH 2 ) of collagen, such as those of lysine 
amino acid residues or at the N-terminals, to form an 
amide linkage, at an approximate pH of 7.0, for example, 
in phosphate buffer yielding Compound 2. The by-prod- 
uct, N-hydroxysuccinimide, is nominally non-toxic, and 

10 may be removed, for example, by washing, if desired. 
This anti-adhesion composition, Compound 2, is then 
reacted with receptive tissue. The 2-pyridinyldithio 
group of the Sulfo-LC-SPDP moiety (e.g., possessing a 
disulfide linkage), acting as a tissue-selective group, re- 

15 acts with free sulfhydryl groups (-SH) found in com- 
pounds of receptive tissue (for example, fibrin or other 
sulfhydryl-containing tissue macromolecule) to form a 
covalent disulfide linkage (-S-S-) to the tissue com- 
pounds. Again, the by-product, pyridine-2-thione is 

20 nominally non-toxic. 

[0094] Analogous results may be obtained with Sulfo- 
LC-SMPT (sulfosuccinimidyl-6-[alpha-methyl-alpha- 
(2-pyridyldithio)toluamido]hexanoate, sodium salt, 
Compound 3) or SPDP (N-succinimidyl-3-(2-pyridi- 

25 nyldithio)propionate, Compound 4). 

Example 2 

Anti-Adhesion Binding Agent With "Disulfide" and 



[0095] A flow chart which illustrates a route for the 
synthesis of this anti-adhesion binding agent is shown 
in Figure 2. One equivalent of polyethylene glycol (PEG, 

35 molecular weight about 3,000) is combined with 1 equiv- 
alent of 1-thia-1,2-pyrone, Compound 5, and heated 
and stirred under acid conditions to yield Compound 6. 
Depending on the conditions of reaction, it may be nec- 
essary to protect one of the -OH end groups on Com- 

40 pound 5 so that Compound 6 is produced. Techniques 
for protection of such an end group are known in the art 
and are not specified herein. 

[0096] The intermediate Compound 6 is then reacted 
with 1.2 equivalents of 2,2'-dipyridyl disulfide, Com- 

45 pound 7, to yield the disulfide intermediate, Compound 
8. The intermediate Compound 8 is then reacted with 
1 .2 equivalents of succinic anhydride to yield the succi- 
nate intermediate, Compound 9. The intermediate Com- 
pound 9 is then reacted with 3 equivalents of 1 -ethyl-3- 

50 (3-dimethylaminopropyl)carbodiimide hydrochloride 
("EDC"; (CH 3 (CH3) 2 NCH2CH2CH 2 N=C=NCH 2 CH3) 
and 1.2 equivalents of sulfo-N-hydroxysuccinimide, 
added dropwise, to yield a mixture of compounds, in- 
cluding PEG, monofunctionalized PEGs, homobifunc- 

55 tionalized PEGs, and heterobifunctionalized PEGs. The 
heterobifunctionalized PEG of interest (e.g., the anti-ad- 
hesion binding agent, Compound 10) may then be sep- 
arated, isolated, and purified using, for example, high 
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pressure liquid chromatography (HPLC) with a non- 
aqueous mobile phase. 

[0097] A flow chart which illustrates the preparation 
and use of an anti-adhesion binding composition com- 
prising the anti-adhesion binding agent, Compound 10, 
in a manner analogous to that of Example 1 , is shown 
in Figure 3. The anti-adhesion binding agent, Com- 
pound 10, is first reacted with collagen to yield the anti- 
adhesion binding composition, Compound 11, which is 
subsequently reacted with receptive tissue to yield the 
anti-adhesion film. 

Example 3 

Use of an Anti-Adhesion Binding Agent With 
"Haloacetyl" and "Succinimidyl" Groups: Sulfo-SCAB 

[0098] A flow chart which illustrates the preparation 
and use of an anti-adhesion binding composition com- 
prising the titled anti-adhesion binding agent is shown 
in Figure 4. Sulfo-SCAB (sulfosuccinimidyl-(4-chloroio- 
doacetyl)aminobenzoate, sodium salt, Compound 1 2) is 
first reacted with collagen. The sulfosuccinimidyl group 
of the Sulfo-SCAB, acting as a collagen-reactive func- 
tional group, reacts with free amino groups (-NH 2 ) of col- 
lagen, such as those of lysine amino acid residues or at 
the N-terminals, to form an amide linkage, at an approx- 
imate pH of 7.0, for example, in phosphate buffer, yield- 
ing the anti-adhesion composition, Compound 13. The 
by-product, N -hydroxys uccinimide, is nominally non- 
toxic, and may be removed, for example, by washing, if 
desired. This anti-adhesion composition is then reacted 
with receptive tissue. The haloacetyl group of the Sulfo- 
SCAB moiety (e.g., possessing a haloacetyl group), act- 
ing as a tissue-selective group, reacts with free sulfhy- 
dryl groups (-SH) found in compounds of receptive tis- 
sue (for example, fibrin or other sulfhydryl-containing tis- 
sue macromolecule) at pH 6.5 to 7.5 to form a covalent 
sulfide linkage (-S-) to the tissue compounds. Again, the 
by-product, halide ion, is nominally non-toxic. 
[0099] Other haloacetyl groups may be used as tis- 
sue-selective groups, such as bromoacetyl and chloro- 
acetyl. The reactivity of haloacetyl groups towards sulf- 
hydryl groups (such as those found in receptive tissue 
compounds) increases with increasing halogen atomic 
number; that is, iodoacetyl is more reactive than bro- 
moacetyl, which is more reactive than chloroacetyl. In 
contrast, selectivity of haloacetyl groups towards reac- 
tion with sulfhydryl groups decreases with increasing 
atomic number; that is, chloroacetyl is more sulfhydryl- 
selectivethan bromoacetyl, which is more surf hydryl-se- 
lective than iodoacetyl. Thus, chloroacetyl is preferred 
as asulfhydryl-selective group. In addition, dihaloacetyl 
and trihaloacetyl groups may be used as tissue-selec- 
tive groups. 



Example 4 

Anti-Adhesion Binding Agent With "Haloacetyl" and 
"Disulfide" Groups Derived From PEG 

5 

[0100] A flow chart which illustrates the preparation 
and use of an anti-adhesion binding composition com- 
prising the titled anti-adhesion binding agent is shown 
in Figure 5. Compound 6, previously described, is then 

10 reacted with 1.2 equivalents of 2,2-dipyridyl disulfide, 
Compound 7, to yield the disulfide intermediate, Com- 
pound 8. The intermediate Compound 8 is then reacted 
with an iodoacetyl acid chloride compound, such as 
CH 2 X-C(=0)-CH 2 CH 2 -C(=0)CI (Compound 14) to yield 

15 a mixture of compounds including the heterobifunction- 
alized PEG of interest, Compound 15, which may then 
be separated, isolated, and purified using, for example, 
high pressure liquid chromatography (HPLC) with a 
non-aqueous mobile phase. 

20 [0101] A flow chart which illustrates the preparation 
and use of an anti-adhesion binding composition com- 
prising the anti-adhesion binding agent, Compound 15, 
in the form of iodoacetyl, is shown in Figure 6. An anti- 
adhesion binding agent, Compound 16, is first reacted 

25 with collagen to yield the anti-adhesion binding compo- 
sition, Compound 17, which is subsequently reacted 
with receptive tissue to yield the anti-adhesion film. 

Example 5 

30 

Use of an Anti-Adhesion Binding Agent With 
"Maleimidyl" and "Succinimidyl" Groups: Sulfo-SMCC 

[0102] A flow chart which illustrates the preparation 

35 and use of an anti-adhesion binding composition com- 
prising the titled anti-adhesion binding agent is shown 
in Figure 7. Sulfo-SMCC (sulfosuccinimidyl-(4-(N-male- 
imidomethyl) cyclohexane-1-carboxylate, sodium salt, 
Compound 18) is first reacted with collagen. The sulfo- 

40 succinimidyl group of the Sulfo-SMCC, acting as a col- 
lagen-reactive functional group, reacts with free amino 
groups (-NH 2 ) of collagen, such as those of lysine amino 
acid residues or at the N-terminals, to form an amide 
linkage, at an approximate pH of 7.0, for example, in 

45 phosphate buffer, yielding the anti-adhesion composi- 
tion, Compound 19. The by-product, N -hydroxys uccin- 
imide, is nominally non-toxic, and may be removed, for 
example, by washing, if desired. This anti-adhesion 
composition, Compound 19, is then reacted with recep- 

so tive tissue. The maleimidyl group of the Sulfo-SMCC 
moiety (e.g., possessing an a.p-unsaturated carbonyl 
group), acting as a tissue-selective group, reacts at the 
a-position with free sulfhydryl groups (-SH) found in 
compounds of receptive tissue (for example, fibrin or 

55 other sulfhydryl-containing tissue macromolecule) to 
form a covalent sulfide linkage (-S-) to the tissue com- 
pounds. 

[01 03] Analogous results may be obtained with Sulfo- 
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SMPB (sulfo-succinimidyl-4-(p-maleimidophenyl)bu- 
tyrate, Compound 20). 

Example 6 

Use of an Anti-Adhesion Binding Agent With 
"Dinitrophenyl Ester" and "Nitrovinyl" Groups: DNPNVB 

[0104] A flow chart which illustrates the preparation 
and use of an anti-adhesion binding composition com- 
prising the titled anti-adhesion binding agent is shown 
in Figure 8. DNPNVB (2,4-dinitrophenyl-p-(p-nitrovinyl) 
benzoate, Compound 21) is first reacted with collagen. 
The 2,4-dinitrophenoxy group of the DNPNVB, acting 
as a collagen-reactive functional group, reacts with free 
amino groups (-NH 2 ) of collagen, such as those of lysine 
amino acid residues or at the N-terminals, to form an 
amide linkage, at an approximate pH of 6.0 to 7.5, yield- 
ing the anti-adhesion composition, Compound 22. The 
by-product, 2,4-dinitrophenoxide, is nominally non-tox- 
ic, and may be removed, for example, by washing, if de- 
sired. This anti-adhesion composition, Compound 22, is 
then reacted with receptive tissue. The nitrovinyl group 
of the DNPNVB moiety (e.g., possessing an activated 
double bond), acting as a tissue-selective group, reacts 
at the carbon alpha to the nitro group with free sulf hydryl 
groups (-SH) found in compounds of receptive tissue 
(for example, fibrin or other sulfhydryl-containing tissue 
macromolecule) to form a covalent sulfide linkage (-S-) 
to the tissue compounds. 

Example 7 

Use of an Anti-Adhesion Binding Agemt With "Azido" 
and "Haloacetyl" Groups: ASIB 

[0105] A flow chart which illustrates the preparation 
and use of an anti-adhesion binding composition com- 
prising the titled anti-adhesion binding agent is shown 
in Figure 9. ASIB (1-(p-azidosalicylamido)-4-(iodoa- 
cetamido)butane, Compound 23) is first reacted with 
collagen. The azide group of the ASIB, acting as a col- 
lagen-reactive functional group, is heat or light activated 
to yield a highly reactive -N group (and the by-product, 
gaseous nitrogen), which reacts with chemical bonds 
found in collagen (including, for example, C-H and C=C) 
to form secondary amine linkages (-NH-) (yielding the 
anti-adhesion composition, Compound 24) or with car- 
bon-carbon double bonds (C=C) found in collagen to 
form a cyclic aziridine-like linkage (e.g., -N[-C-C-]). This 
anti-adhesion composition, Compound 24, is then react- 
ed with receptive tissue. The iodoacetyl group of the 
ASIB moiety (e.g., possessing a haloacetyl group), act- 
ing as a tissue-selective group, reacts with free sulfhy- 
dryl groups (-SH) found in compounds of receptive tis- 
sue (forexample, fibrin or other sulfhydryl-containing tis- 
sue macromolecule) at pH 6.5 to 7.5 to form a covalent 
sulfide linkage (-S-) to the tissue compounds. Again, the 



by-product, iodide ion, is nominally non-toxic. Other 
haloacetyl groups may be used as tissue-selective 
groups, such as bromoacetyl and chloroacetyl groups. 
[0106] Yet another anti-adhesion binding agent, AP- 
5 DP (N-^-tp-azidosalicylamidoJbutyll-S'-fa^pyri- 
dyldithio)propionamide, Compound 25), which pos- 
sesses "disulfide" and "azide" groups, may be used in 
an analogous manner to obtain results similar to those 
for other disulfide and azide groups described above. 

10 

Claims 

1. An anti-adhesion composition for treatment of re- 
's ceptive tissue comprising: 

(i) a substrate material; and 

(ii) an anti-adhesion binding agent comprising: 

20 (a) at least one tissue-reactive functional 

group capable of forming covalent bonds 
with the receptive tissue; and 
(b) at least one substrate-reactive function- 
al group capable of forming covalent bonds 

25 with the substrate material. 

2. The anti-adhesion composition of claim 1 , wherein 
said binding agent comprises: 

30 (i) at least one tissue-selective functional 

group; and 

(ii) at least one substrate-reactive functional 
group. 

35 3. The anti-adhesion composition of claim 1 or claim 
2, wherein said substrate material comprises colla- 
gen. 

4. The anti-adhesion composition of claim 2, wherein 
40 said tissue-selective group is a sulfhydryl-selective 

functional group. 

5. The anti-adhesion composition of claim 3, wherein 
said binding agent comprises a derivative of poly- 
ps ethylene glycol. 

6. The anti-adhesion composition of claim 4, wherein 
said sulfhydryl-selective functional group is select- 
ed from the group consisting of: 

50 

(i) a disulfide group; 

(ii) a haloacetyl group; 

(iii) a halomethyl ester group; 

(iv) a p-Nitrovinyl group; - 

55 (v) an N-hydroxy succinimidyl ester group; and 

(vi) a maleimidyl group. 

7. The anti-adhesion composition of claim 6, wherein 
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said sulfhydryt-selective functional group is select- 
ed from the group consisting of: 

(i) a disulfide group; 

(ii) a haloacetyl group; 

(iii) a halomethyl ester group; and 

(iv) a p-Nitrovinyl group. 

8. The anti-adhesion composition of claim 7, wherein 
said sulfhydryl-selective functional group is a di- 
sulfide group. 

9. The anti-adhesion composition of claim 8, wherein 
said disulfide group is a 2-pyridinyl-disulfide group 
or a 3-carboxylic acid-4-vitro-phenyl-disulfide 
group. 

10. The anti-adhesion composition of claim 6, wherein 
said substrate-reactive functional group is selected 
from the group consisting of 

(i) an active ester group; 

(ii) a haloacetyl group; 

(iii) an azide group; 

(iv) a haloformate group; 

(v) a sulfonyl halide group; 

(vi) an isocyanate group; 

(vii) an isothiocyanate group; 

(viii) an acid anhydride group; 

(ix) an acid halide group; and 

(x) an imidate ester group. 

11. The anti-adhesion composition of claim 6, wherein 
said substrate- reactive functional group is selected 
from the group consisting of 

(i) an active ester group; 

(ii) a haloacetyl group; and 

(iii) an azide group. 

12. The anti-adhesion composition of claim 1 , wherein 
said tissue-reactive functional group is an amine- 
selective functional group. 

13. The anti-adhesion composition of claim 1 , wherein 
said tissue- reactive functional group is an active es- 
ter group. 

14. The anti-adhesion composition of claim 1 , wherein 
said tissue-reactive functional group is an active 
ether group. 

15. The anti-adhesion composition of claim 12, wherein 
said amine-selective functional group is selected 
from the group consisting of an active ester group, 
an active ether group, and combinations thereof. 

16. The anti-adhesion composition of claim 5, wherein 



said substrate- reactive functional group is an active 
ester group. 

17. The anti-adhesion composition of claim 5, wherein 
5 said substrate-reactive functional group is an active 

ether group. 

18. The anti-adhesion composition of claim 6, wherein 
said substrate-reactive functional group is an N- 

10 succinimidyl active ester group or a 2,4-dinitrophe- 
nyl active ester. 

19. An anti-adhesion device for treatment of receptive 
tissue, comprising: 

15 

(i) at least one layer of substrate material; and 

(ii) an anti-adhesion binding agent covalently 
bonded to the substrate material, wherein said 
anti-adhesion binding agent further comprises 

20 at least one tissue-reactive functional group ca- 

pable of forming covalent bonds with the recep- 
tive tissue. 

20. The anti-adhesion device of claim 19, wherein re- 
25 ceptive tissue to which said device is to be cova- 
lently bonded has been treated to convert disulfide 
groups or primary amino groups on the surface of 
said tissue to sulfhydryl groups prior to covalent 
bonding of said substrate material to said tissue. 

30 

21. The anti-adhesion device of claim 19 or claim 20, 
wherein said binding agent comprises: 

(i) at least one tissue- reactive functional group; 
35 and 

(ii) at least one substrate-reactive functional 
group; 

wherein at least a portion of said tissue-reactive 
groups have chemically reacted with said re- 
ceptive tissue to form covalent linkages; and 
wherein at least a portion of said substrate-re- 
active groups have chemically reacted with 
said substrate material to form covalent linkag- 
es es. 

22. The anti-adhesion device of claim 20, wherein said 
binding agent comprises: 

50 (j) at least one tissue-selective functional 

group; and 

(ii) at least one substrate-reactive functional 
group; 

55 wherein at least a portion of said tissue-selec- 

tive groups have chemically reacted with said 
receptive tissue to form covalent linkages; and 
wherein at least a portion of said substrate-re- 
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active groups have chemically reacted with 
said substrate material to form covalent linkag- 
es. 

23. The anti-adhesion device of claim 19 or claim 20, 
wherein said substrate material comprises colla- 
gen. 

24. The anti-adhesion device of claim 22, wherein said 
tissue-selective group is a sulfhydryl-selective 
group. 

25. The anti-adhesion device of claim 21 , wherein said 
tissue- reactive group is an amine-comprising 
group. 

26. The anti-adhesion device of claim 19 or claim 20, 
wherein said binding agent comprises a derivative 
of polyethylene glycol. 

27. A kit for anti-adhesion treatment of receptive tissue 
comprising: 

(i) a substrate material; and 

(ii) an anti-adhesion binding agent comprising: 

(a) at least one tissue-reactive functional 
group capable of forming covalent bonds 
with the receptive tissue; and 

(b) at least one substrate-reactive function- 
al group capable of forming covalent bonds 
with the substrate material. 

28. The anti-adhesion treatment kit of claim 27, wherein 
said binding agent comprises: 

(i) at least one tissue-selective functional 
group; and 

(ii) at least one substrate-reactive functional 
group. 

29. The anti-adhesion treatment kit of claim 27 or claim 
28, wherein said substrate material comprises col- 
lagen. 

30. The anti-adhesion treatment kit of claim 28, wherein 
said tissue-selective group is a sulfhydryl-selective 
functional group. 

31 . The anti-adhesion treatment kit of claim 29, wherein 
said binding agent comprises a derivative of poly- 
ethylene glycol. 

32. The anti-adhesion treatment kit of claim 30, wherein 
said sulfhydryl-selective functional group is select- 
ed from the group consisting of: 

(i) a disulfide group; 



(ii) a haloacetyl group; 

(iii) a halomethyl ester group; 

(iv) a p-Nitrovinyl group; 

(v) an N-hydroxy succinimidyl ester group; and 
5 (vi) a maleimidyl group. 

33. The anti-adhesion treatment kit of claim 32, wherein 
said sulfhydryl-selective functional group is a 2-py- 
ridinyl-disulfide group or a 3-carboxylic acid-4-vitro- 

10 phenyl-disulfide group. 

34. The anti-adhesion treatment kit of claim 32, wherein 
said substrate-reactive functional group is selected 
from the group consisting of: 

15 

(i) an active ester group; 

(ii) a haloacetyl group; 

(iii) an azide group; 

(iv) a haloformate group; 
20 (v) a sulfonyl halide group; 

(vi) an isocyanate group; 

(vii) ah isothiocyanate group; 

(viii) an acid anhydride group; 

(ix) an acid halide group; and 
25 (x) an imidate ester group. 

35. The anti-adhesion treatment kit of claim 27, wherein 
said tissue-reactive functional group is an amine- 
selective functional group. 

30 

36. The anti-adhesion treatment kit of claim 27 or claim 
31 , wherein said tissue-reactive functional group is 
an active ester group or an active ether group. 

35 37. The anti-adhesion treatment kit of claim 35, wherein 
said amine-selective functional group is selected 
from the group consisting of an active ester group, 
an active ether group, and combinations thereof. 

40 38. Th e a nti -adhesion treatment kit of claim 32, wherein 
said substrate-reactive functional group is an N- 
succinimidyl active ester group or a 2,4-dinitrophe- 
nyl active ester. 



1. Die Adhasion hemmende Zusammensetzung zur 
Behandlung von aufnehmendem Gewebe, umfas- 
50 send: 



(i) ein Substratmaterial und 

(ii) ein die Adhasion hemmendes Bindemittel, 
umfassend 

(a) mindestens eine mit dem Gewebe rea- 
gierende (gewebe- reaktive) funktionelle 
Gruppe, die in der Lage ist, mit dem auf- 
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nehmenden Gewebe kovalente Bindungen 
zu bilden, und 

(b) mindestens eine mit dem Substrat rea- 
gierende (substrat-reaktive) funktionelle 
Gruppe, die in der Lage ist, mit dem Sub- 
stratmaterial kovalente Bindungen zu bil- 
den. 

2. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 1 , wobei das Bindemittel 

(i) mindestens eine gewebe-selektive funktio- 
nelle Gruppe und 

(ii) mindestens eine substrat-reaktive funktio- 
nelle Gruppe. umfaBt. 

3. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 1 oder2 f wobei das Substratmaterial Col- 
lagen umfaBt. 

4. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 2, wobei die gewebe-selektive Gruppe ei- 
ne sufhydryl-selektive funktionelle Gruppe ist. 

5. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 3, wobei das Bindemittel ein Derivat von 
Polyethylenglykol umfaBt. 

6. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 4, wobei die sufhydryl-selektive funktio- 
nelle Gruppe ausgewahlt ist aus der Gruppe, beste- 
hend aus 

(i) einer Disulfid-Gruppe, 

(ii) einer Halogenacetyl-Gruppe, 

(iii) einer Halogenmethyl-ester-Gruppe, 

(iv) einer p-Nitrovinyl-Gruppe, 

(v) einer N-Hydroxy-succinimidyl-ester-Grup- 
pe und 

(vi) einer Maleinimidyl-Gruppe. 

7. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 6, wobei die sufhydryl-selektive funktio- 
nelle Gruppe ausgewahlt ist aus der Gruppe, beste- 
hend aus 

(i) einer Disulfid-Gruppe, 

(ii) einer Halogenacetyl-Gruppe, 

(iii) einer Halogenmethyl-ester-Gruppe und 

(iv) einer f}-Nitrovinyl-Gruppe, 

8. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 7, wobei die sufhydryl-selektive funktio- 
nelle Gruppe eine Disulfid-Gruppe ist. 

9. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 8, wobei die Disulfid-Gruppe eine 2-Pyri- 
dinyl-disulfid-Gruppe oder eine 3-Carbonsaure- 



4-vitrophenyl-disulfid-Gruppe ist. 

10. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 6, wobei die substrat-reaktive funktionel- 

5 le Gruppe ausgewahlt ist aus der Gruppe, beste- 
hend aus: 

(i) einer aktiven Ester-Gruppe, 

(ii) einer Halogenacetyl-Gruppe, 
10 (iii) einer Azid-Gruppe, 

(iv) einer Halogenformiat-Gruppe, 

(v) einer Sulfonylhalogenid-Gruppe, 

(vi) einer Isocyanat-Gruppe, 

(vii) einer Isothiocyanat-Gruppe, 
15 (viii) einer Saureanhydrid-Gruppe, 

(ix) einer Saurehalogenid-Gruppe und 

(x) einer Imidat-ester-Gruppe. 

11. Die Adhasion hemmende Zusammensetzung nach 
20 Anspruch 6, wobei die substrat-reaktive funktionel- 
le Gruppe ausgewahlt ist aus der Gruppe, beste- 
hend aus: 

(i) einer aktiven Ester-Gruppe, 
25 (ii) einer Halogenacetyl-Gruppe, 

(iii) einer Azid-Gruppe. 

12. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 1 , wobei die gewebe-reaktive funktionelle 

30 Gruppe eine amin-selektive funktionelle Gruppe ist. 

13. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 1 , wobei die gewebe-reaktive funktionelle 
Gruppe eine aktive Ester-Gruppe ist. 

35 

14. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 1, wobei die gewebe-reaktive funktionelle 
Gruppe eine aktive Ether-Gruppe ist. 

40 15. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 12, wobei die amin-selektive funktionelle 
Gruppe ausgewahlt ist aus der Gruppe, bestehend 
aus einer aktiven Ester-Gruppe, einer aktiven 
Ether-Gruppe und Kombinationen davon. 

45 

16. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 5, wobei die substrat-reaktive funktionel- 
le Gruppe eine aktive Ester-Gruppe ist. 

50 17. Die Adhasion hemmende Zusammensetzung nach 
Anspruch 5, wobei die substrat-reaktive funktionel- 
le Gruppe eine aktive Ether-Gruppe ist. 

18. Die Adhasion hemmende Zusammensetzung nach 
55 Anspruch 6, wobei die gewebe-reaktive funktionelle 
Gruppe eine N-Succinimidyl-aktive Ester-Gruppe 
Oder eine 2,4-Dinitrophenyl-aktive Ester-Gruppe 
ist. 
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19. Die Adh&sion hemmende Vorrichtung zur Behand- 
lung eines aufnehmenden Gewebes, umfassend: 

(i) mindestens eine Schicht Substratmaterial 
und 

(ii) ein die Adhasion hemmendes Bindemittel, 
das kovalent an das Substratmaterial gebun- 
den ist, 

wobei das die Adhasion hemmende Bindemittel 
mindestens eine gewebe-reaktive funktionelle 
Gruppe umfaBt, die in der Lage ist, mit dem aufneh- 
menden Gewebe kovalente Bindungen zu bilden. 

20. Die Adhasion hemmende Vorrichtung nach An- 
spruch 19, wobei das aufnehmende Gewebe, an 
das die Vorrichtung kovalent gebunden werden soil, 
behandelt worden ist, um Disulfid-Gruppen oder 
primare Aminogruppen auf der Oberflache des Ge- 
webes in Sulfhydryl-Gruppen umzuwandeln, bevor 
das Substratmaterial kovalent an das Gewebe ge- 
bunden wird. 

21. Die Adhasion hemmende Vorrichtung nach An- 
spruch 19 oder 20, wobei das Bindemittel 

(i) mindestens eine gewebe-reaktive funktio- 
nelle Gruppe und 

(ii) mindestens eine substrat-reaktive funktio- 
nelle Gruppe umfaBt, 

wobei mindestens ein Teil der gewebe-reakti- 
ven Gruppen chemisch mit dem aufnehmen- 
den Gewebe unter Bildung von kovalenten Bin- 
dungen reagiert hat, und 
wobei mindestens ein Teil der substrat-reakti- 
ven Gruppen chemisch mit dem Substratmate- 
rial unter Bildung von kovalenten Bindungen 
reagiert hat. 

22. Die Adhasion hemmende Vorrichtung nach An- 
spruch 20, wobei das Bindemittel 

(i) mindestens eine gewebe-selektive funktio- 
nelle Gruppe und 

(ii) mindestens eine substrat-reaktive funktio- 
nelle Gruppe umfaBt, 

wobei mindestens ein Teil der gewebe-selekti- 
ven Gruppen chemisch mit dem aufnehmen- 
den Gewebe unter Bildung von kovalenten Bin- 
dungen reagiert hat und 
wobei mindestens ein Teil der substrat-reakti- 
ven Gruppen chemisch mit dem Substratmate- 
rial unter Bildung von kovalenten Bindungen 
reagiert hat. 

23. Die Adhasion hemmende Vorrichtung nach An- 



spruch 19 oder 20, wobei das Substratmaterial Col- 
lagen umfaBt. 

24. Die Adhasion hemmende Vorrichtung nach An- 
5 spruch 22, wobei die gewebe-selektive Gruppe ei- 
ne sulfhydryl-selektive Gruppe ist. 

25. Die Adhasion hemmende Vorrichtung nach An- 
spruch 21 , wobei die gewebe-reaktive Gruppe eine 

10 amin-enthaltende Gruppe ist. 

26. Die Adhasion hemmende Vorrichtung nach An- 
spruch 1 9 oder 20 wobei das Bindemittel ein Derivat 
von Polyethylenglykol umfaBt. 

15 

27. Kit zur Adhasion hemmenden Behandlung von auf- 
nehmnendem Gewebe, umfassend 

(i) ein Substratmaterial und 

20 (jj) ein die Adhasion hemmendes Mittel, umfas- 

send 

(a) mindestens eine gewebe-reaktive funk- 
tionelle Gruppe, die in der Lage ist, mit dem 

25 aufnehmenden Gewebe kovalente Bin- 

dungen zu bilden, und 

(b) mindestens eine substrat-reaktive funk- 
tionelle Gruppe, die in der Lage ist, mit dem 
aufnehmenden Substratmaterial kovalen- 

30 te Bindungen zu bilden. 

28. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 27, wobei das Bindemittel 

35 (j) mindestens eine gewebe-selektive funktio- 

nelle Gruppe und 

(ii) mindestens eine substrat-reaktive funktio- 
nelle Gruppe umfaBt. 

40 29. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 27 oder 28, wobei das Substratmaterial 
Collagen umfaBt. 

30. Kit zur Adhasion hemmenden Behandlung nach 
45 Anspruch 28, wobei die gewebe-selektive Gruppe 

eine sufhydryl-selektive funktionelle Gruppe ist. 

31. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 29, wobei das Bindemittel ein Derivat von 

so Polyethylenglykol umfaBt. 

32. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 30, wobei die sulfhydryl-selektive funktio- 
nelle Gruppe ausgewahlt ist aus der Gruppe, beste- 

55 hend aus: 

(i) einer Disulfid-Gruppe, 

(ii) einer Halo gen acetyl -Gruppe, 
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33 

(Hi) einer Halogenmethyl-ester-Gruppe, 

(iv) einer (3-Nitrovinyl-Gruppe, 

(v) einer N- Hydroxy -succinim idyl -ester-Grup- 
pe, 

(vi) einer Maleinimidyl-Gruppe. 5 

33. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 32, wobei die sufhydryl-selektive funktio- 
nelle Gruppe eine 2-Pyridinyl-disulfid-Gruppe oder 
eine3-Carbonsaure-4-vitro-phenyl-disulfid-Gruppe 
ist. 

34. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 32, wobei die substrat-reaktive funktio- 
nelle Gruppe ausgewahlt ist aus der Gruppe, beste- 
hend aus : 

(i) einer aktiven Ester-Gruppe, 

(ii) einer Halogenacetyl-Gruppe, 

(iii) einer Azid-Gruppe, 

(iv) einer Halogenformiat-Gmppe, 

(v) einer Sulfonylhalogenid-Gruppe, 

(vi) einer Isocyanat-Gruppe, 

(vii) einer Isothiocyanat-Gruppe, 

(viii) einer Saureanhyd rid- Gruppe, 

(ix) einer Saurehalogenid-Gruppe und 

(x) einer Imidat-ester-Gruppe. 

35. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 27, wobei die gewebe-reaktive funktio- 
nelle Gruppe eine amin-selektive funktionelle Grup- 
pe ist. 

36. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 27 oder 31 , wobei die gewebe-reaktive 
funktionelle Gruppe eine aktive Ester-Gruppe oder 
eine aktive Ether-Gruppe ist. 

37. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 35, wobei die amin-selektive funktionelle 
Gruppe ausgewahlt ist aus der Gruppe, bestehend 
aus einer aktiven Ester-Gruppe, einer aktiven 
Ether-Gruppe und Kombinationen davon. 

38. Kit zur Adhasion hemmenden Behandlung nach 
Anspruch 32, wobei die substrat-reaktive funktio- 
nelle Gruppe eine N-Succinimidyl-aktive Ester- 
Gruppe oder eine 2,4-Dinitrophenyl-aktive Ester- 
Gruppe ist. 



Revendications 

1 . Composition pour la prevention d'adherences pour 
le trait ement d'un tissu receveur comprenant : 



comprenant : 

(a) au moins un groupe fonctionnel pou- 
vant reagir avec le tissu capable de former 
des liaisons covalentes avec le tissu 
receveur ; et 

(b) au moins un groupe fonctionnel pou- 
vant reagir avec le substrat capable de for- 
mer des liaisons covalentes avec le mate- 



10 riau de substrat. 

2. Composition pour la prevention d'adherences sui- 
vant la revendication 1 , dans laquelle ledit agent de 
liaison comprend : 

15 

(i) au moins un groupe fonctionnel selectif pour 
le tissu ; et 

(ii) au moins un groupe fonctionnel pouvant 
reagir avec le substrat. 

20 

3. Composition pour la prevention d'adherences sui- 
vant la revendication 1 ou la revendication 2, dans 
laquelle ledit materiau de substrat comprend du col- 
lagene. 

25 

4. Composition pour la prevention d'adherences sui- 
vant la revendication 2, dans laquelle ledit groupe 
selectif pour le tissu est un groupe fonctionnel se- 
lectif pour le groupe sulfhydryle. 

30 

5. Composition pour la prevention d'adherences sui- 
vant la revendication 3, dans laquelle ledit agent de 
liaison comprend un deYiv6 de polyethylene glycol. 

35 6. Composition pour la prevention d'adherences sui- 
vant la revendication 4, dans laquelle ledit groupe 
fonctionnel selectif pour le groupe sulfhydryle est 
choisi dans le groupe consistant en : 

40 (i) un groupe disulfure ; 

(ii) un groupe haloacetyle ; 

(iii) un groupe halomethyl ester ; 

(iv) un groupe {J-nitrovinyle ; 

(v) un groupe N-hydroxy succinimidyl ester ; et 
4 5 (vi) un groupe maleimidyle. 

7. Composition pour la prevention d'adherences sui- 
vant la revendication 6, dans laquelle ledit groupe 
fonctionnel selectif pour le groupe sulfhydryle est 
so choisi dans le groupe consistant en : 

(i) un groupe disulfure ; 

(ii) un groupe haloacetyle ; 

(iii) un groupe halomethyl ester ; 

(iv) un groupe p-nitrovinyle. 

Composition pour la prevention d'adherences sui- 
vant la revendication 7, dans laquelle ledit groupe 
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(i) un materiau de substrat et 8. 

(ii) un agent de liaison anti-adherence 
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fonctionnel selectif pour le groupe sulfhydryle est 
un groupe disulfure. 

9. Composition pour la prevention d'adherences sui- 
vant la revendication 8, dans laquelle ledit groupe 
disulfure est un groupe 2pyridinyl-disulfure ou un 
groupe acide 3-carboxylique-4-nitro-phenyl-disul- 
fure. 

10. Composition pour la prevention d'adherences sui- 
vant la revendication 6, dans laquelle ledit groupe 
fonctionnel pouvant reagir avec un substrat est 
choisi dans le groupe consistant en : 

(i) un groupe ester actif ; 

(ii) un groupe haloacetyle ; 

(iii) un groupe azide ; 

(iv) un groupe haloformiate ; 

(v) un groupe sulfonyl halogenure ; 

(vi) un groupe isocyanate ; 

(vii) un groupe isothiocyanate ; 

(viii) un groupe anhydride d'acide ; 

(ix) un groupe halogenure d'acide ; et 

(x) un groupe imidate ester. 

11. Composition pour la prevention d'adherences sui- 
vant la revendication 6, dans laquelle ledit groupe 
fonctionnel pouvant reagir avec un substrat est 
choisi dans le groupe consistant en : 

(i) un groupe ester actif ; 

(ii) un groupe haloacetyle ; et 

(iii) un groupe azide. 

12. Composition pour la prevention d'adherences sui- 
vant la revendication 1, dans laquelle ledit groupe 
fonctionnel pouvant reagir avec le tissu est un grou- 
pe fonctionnel selectif pour une amine. 

13. Composition pour la prevention d'adherences sui- 
vant la revendication 1 , dans laquelle ledit groupe 
fonctionnel pouvant reagir avec le tissu est un grou- 
pe ester actif. 

14. Composition pour la prevention d'adherences sui- 
vant la revendication 1, dans laquelle ledit groupe 
fonctionnel pouvant reagir avec le tissu est un grou- 
pe ether actif. 

15. Composition pour la prevention d'adherences sui- 
vant la revendication 12, dans laquelle ledit groupe 
fonctionnel selectif pour une amine est choisi dans 
le groupe consistant en un groupe ester actif, un 
groupe ether actif et leurs combinaisons. 

16. Composition pour la prevention d'adherences sui- 
vant la revendication 5, dans laquelle ledit groupe 
fonctionnel pouvant reagir avec le substrat est un 



groupe ester actif. 

17. Composition pour la prevention d'adherences sui- 
vant la revendication 5, dans laquelle ledit groupe 

5 fonctionnel pouvant reagir avec le substrat est un 
groupe ether actif. 

18. Composition pour la prevention d'adherences sui- 
vant la revendication 6, dans laquelle ledit groupe 

10 fonctionnel pouvant reagir avec le substrat est un 
groupe N-succinimidyl ester actif ou un 2,4-dinitro- 
phenyl ester actif. 

19. Dispositif pour la prevention d'adherences pour le 
'5 traitement d'un tissu receveur, comprenant : 

(i) au moins une couche de materiau de 
substrat ; et 

(ii) un agent de liaison anti-adherence lie par 
20 covalence au materiau de substrat, dans lequel 

ledit agent de liaison anti-adherence comprend 
de plus au moins un groupe fonctionnel pou- 
vant reagir avec le tissu capable de former des 
liaisons covalentes avec ie tissu receveur. 

25 

20. Dispositif pour la prevention d'adherences suivant 
la revendication 19, dans lequel le tissu receveur 
auquel ledit dispositif doit dtre lie par covalence a 
ete traite pour convertir les groupes disulfure ou les 

30 groupes amino primaires presents sur la surface 
dudit tissu en groupes sulfhydryle avant la liaison 
par covalence dudit materiau de substrat audit tis- 
su. 

35 21. Dispositif pour la prevention d'adherences suivant 
la revendication 19 ou la revendication 20, dans le- 
quel ledit agent de liaison comprend : 

(i) au moins un groupe fonctionnel pouvant rea- 
40 gir avec le tissu ; et 

(ii) au moins un groupe fonctionnel pouvant 
r6agir avec le substrat ; 

dans lequel au moins une partie desdits grou- 
ps pes pouvant reagir avec le tissu a chimique- 
ment reagi avec ledit tissu receveur pour former 
des liaisons covalentes ; et 
dans lequel au moins une partie desdits grou- 
pes pouvant reagir avec le substrat a chimique- 
^0 ment reagi avec ledit materiau de substrat pour 
former des liaisons covalentes. 

22. Dispositif pour la prevention d'adherences suivant 
la revendication 20, dans lequel ledit agent de 
55 liaison comprend : 

(i) au moins un groupe fonctionnel selectif pour 
le tissu ; et 



10 



45 



50 



19 



37 



EP 0 732 110 B1 



38 



suivant la revendication 27 ou la revendication 28, 
dans lequel ledit materiau de substrat comprend du 
collagene. 

5 30. Kit pour un traitement de prevention d'adherences 
suivant ta revendication 28, dans lequel ledit groupe 
selectif pour le tissu est un groupe fonctionnel se- 
lectif pour le groupe sulfhydryle,. 

10 31. Kit pour un traitement de prevention d'adherences 
suivant la revendication 29, dans lequel ledit agent 
de liaison comprend un derive de polyethylene gly- 
col. 

*s 32. Kit pour un traitement de prevention d'adherences 
suivant la revendication 30, dans lequel ledit groupe 
fonctionnel selectif pour le groupe sulfhydryle est 
choisi dans le groupe consistant en : 

20 (i) un groupe disulfure ; 

(ii) un groupe haloacetyle ; 

(iii) un groupe halomethyl ester ; 

(iv) un groupe p-nitrovinyle; 

(v) un groupe N-hydroxy succinimidyl ester ; et 
25 (v) un groupe maleimidyle. 

33. Kit pour un traitement de prevention d'adherences 
suivant la revendication 32, dans lequel ledit groupe 
fonctionnel selectif pour le groupe sulfhydryle est 
30 un groupe 2-pyridinyl-disulfure ou un groupe acide 
3-carboxylique-4-nitro-phenyl-disulfure. 



(ii) au moins un groupe fonctionnel pouvant 
reagir avec le substrat ; 

dans lequel au moins une partie desdits grou- 
pes selectifs pour le tissu a chimiquement reagi 
avec ledit tissu receveur pour former des 
liaisons covalentes ; et 

dans lequel au moins une partie desdits grou- 
pes pouvant rSagir avec le substrat a chimique- 
ment reagi avec ledit materiau de substrat pour 
former des liaisons covalentes. 

23. Dispositif pour la prevention d'adherences suivant 
la revendication 1 9 ou la revendication 20, dans le- 
quel ledit materiau de substrat comprend du colla- 
gene. 

24. Dispositif pour la prevention d'adherences suivant 
la revendication 22, dans lequel ledit groupe selectif 
pour le tissu est un groupe selectif pour le groupe 
sulfhydryle. 

25. Dispositif pour la prevention d'adherences suivant 
la revendication 21 , dans lequel ledit groupe pou- 
vant reagir avec le tissu est un groupe comprenant 
une amine. 

26. Dispositif pour la prevention d'adherences suivant 
la revendication 1 9 ou la revendication 20, dans le- 
quel ledit agent de liaison comprend un derive de 
polyethylene glycol. 

27. Kit pour un traitement de prevention d'adherences 
d'un tissu receveur comprenant : 

(i) un materiau de substrat ; et 

(ii) un agent de liaison anti-adherence 
comprenant : 

(a) au moins un groupe fonctionnel pou- 
vant reagir avec le tissu capable de former 
des liaisons covalentes avec le tissu 
receveur ; et 

(b) au moins un groupe fonctionnel pou- 
vant reagir avec le substrat capable de for- 
mer des liaisons covalentes avec le mate- 
riau de substrat. 

28. Kit pour un traitement de prevention d'adherences 
suivant la revendication 27, dans lequel ledit agent 
de liaison comprend : 

(i) au moins un groupe fonctionnel selectif pour 
le tissu ; et 

(ii) au moins un groupe fonctionnel pouvant 
reagir avec le substrat. 

29. Kit pour un traitement de prevention d'adherences 



34. Kit pour un traitement de prevention d'adherences 
suivant la revendication 32, dans lequel ledit groupe 

35 fonctionnel pouvant reagir avec le substrat est choi- 
si dans le groupe consistant en : 

(i) un groupe ester actif ; 

(ii) un groupe haloacetyle ; 
40 (iii) un groupe azide ; 

(iv) un groupe haloformiate ; 

(v) un groupe sulfonyl halogenure ; 

(vi) un groupe isocyanate ; 

(vii) un groupe isothiocyanate ; 

^5 (viii) un groupe anhydride d'acide ; 

(ix) un groupe halogenure d'acide ; et 

(x) un groupe imidate ester. 

35. Kit pour un traitement de prevention d'adherences 
50 suivant la revendication 27, dans lequel ledit groupe 

fonctionnel pouvant reagir avec le tissu est un grou- 
pe fonctionnel selectif pour une amine. 



36. Kit pour un traitement de prevention d'adherences 
suivant la revendication 27 ou la revendication 31 , 
dans lequel ledit groupe fonctionnel pouvant reagir 
avec le tissu est un groupe ester actif ou un groupe 
ether actif. 
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37. Kit pour un traitement de prevention d'adh6rences 
suivant la revendication 35, dans lequel (edit groupe 
fonctionnel s6lectif pour une amine estchoisi dans 
le groupe consistant en un groupe ester actif, un 
groupe ether actif et leurs combinaisons. 5 

38. Kit pour un traitement de prevention d'adherences 
suivant la revendication 32, dans lequel ledit groupe 
fonctionnel pouvant reagir avec le substrat est un 
groupe N-succinimidyl ester actif ou un 2,4-dinitro- 10 
ph6nyl ester actif. 
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